The mercuric chloride was weighed out and diluted through the medium to the concentrations desired. The necessary amounts of sulfanilamide were weighed out directly. Total growvth was determined for the medium alone, and with the addition of 11 different concentrations of mercuric chloride, six of sulfanilamide and the 66 possible combinations of these concentrations. A total of 84 different batches of medium had to be prepared. The media were tubed in five milliliter quantities and autoclaved at 15 pounds pressure for 20 minutes.
Before the start of an experiment all mateiials weere incubated overnight at 37°C. The inoculations were carried out in a room incubator at the same temperature. As inoculum, 0.01 ml. of a 1:100 dilution of a ten-hour broth culture was pipetted into each tube of medium. Diluent for the inoculum was a modified Ringer-Locke's solution. A plate count using nutrient agar was made of the ten-hour-inoculum culture. The data to be reported were collected in four experiments in which three tubes of each medium wi-ere inoculated. Thus, a total of 12 sepairate counts wA-ere taken for each concentration and combination of the drugs. A total of 83,500 organisms were present in the inoculum of the first experiment, 82,000 in the second, 88,000 in the third, and 125,000 in the fourth.
The inoculated tubes wi-ere observed for turbidityr at hourly intervals for the first five to twelve hours, then every 12 hours to the 48th houri, and finally at 24-horir intervals tip to 120 houirs. At The toxicity of 8.7 X 10-4M sulfanilamide is not antagonized by any of the concentrations of mercuric chloride studied. But the bacteriostatic power of this concentration is increased by non-toxic 1.5 X 10-5M and 1.8 X 106M mercuric chloride. The opposite effect, that is, the enhancement of mercuric chloride toxicity by non-toxic concentrations of sulfanilamide was not observed. Unfortunately, whether this can take place is not answerable from our data. For not as wide ranges of non-toxic molar concentrations of sulfanilamide were employed as for the mercuric chloride.
The bacteriostasis due to 5.8 X 10-4M sulfanilamide is not great and is completely eliminated by two non-toxic and non-stimulatory concentrations of mercuric chloride, 3.7 X 1O0M and 3.7 X 10-8M. Intermediate concentrations (1:8 X 10-6M, 3.7 X 10-7M, 1.8 X 10-7M) of mercuric chloride were without effect. Thus, the antagonism of mercuric chloride for sulfanilamide resembles McIlwain's (1942) experience, who found that urethane antagonism was shown only toward low, just-toxic concentrations of sulfanilamide. It differs from the antagonism of p-aminobenzoic acid which acts over a relatively wide and continuous range of concentrations, and which can inhibit extremely toxic concentrations of sulfanilamide. The data also reveal that the toxicity of 2.2 X 10-5M mercuric chloride cah be partially neutralized by 5.8 X 1OM, 3.3 X 1OM, and 2.3 X 1OM sulfanilamide. Growth in the mixtures containing the latter two concentrations are not as great as for growth with the sulfanilamide alone. The antagonism does not depend on the employment of stimulatory amounts of sulfanilamide, since antagonism is also expressed by 5.8 X 10-4M sulfanilamide, a slightly toxic concentration.
Furthermore, the data demonstrate the possibility that two non-toxic concentrations when added together may exert a bacteriostatic effect. The combination of non-inhibitory 1.5 X 10-5M mercuric chloride individually with non-toxic 4.65 X 10-M, 3.5 X 1OM, 2.3 X 1O0M, and 1.15 X 10O4M sulfanilaniide results in bacteriostasis. The same concentration of mercuric chloride greatly enhanced the low toxicity of 5.8 X 10-M sulfanilamide.
The time of first appearance of turbidity in tubes could be correlated with the final counts obtained. Mixtures of antagonistic concentrations were characterized by the appearance of turbidity sooner than for the controls. Similarly, toxic concentrations and combinations of the drugs showed first appearance of turbidity later than the control tubes. Thus, the differences in end growth would seem expressive of a difference in growth rate early in the cultures development, probably soon after coming out of the lag phase.
DISCUSSION
The anti-sulfanilamide action of structurally unrelated compounds such as urethane and mercuric chloride probably does not carry sufficient weight to neutralize the evidences of competitioii. The antagonism is not quantitatively comparable with what is observed for p-aminobenzoic acid (Wyss, 1941; Wood, 1942) . But the existence of antagonism and even synergism by structurally unrelated compounds does mean that competition with an essential metabolite is not an all-inclusive explanation of all the ways in which sulfanilamide may act.
Thus, in vitro inhibition of Cypridina luminescence by sulfanilamide and p-aminobenzoic acid, in which purified extracts of the luciferin-luciferase system are utilized, can hardly be related to p-aminobenzoic acid metabolism (Johnson and Chase, 1942) . The authors remark that though lumInescence inhibition is noncompetitive sulfanilamide bacteriostasis may involve unrelated enzyme systems.
If sulfanilamide exerts growth-inhibiting powers because of interference with the metabolic role of p-aminobenzoic acid a large series of experimentally established facts are explained. But unexplained remain the anti-sulfanilamide effects of structurally dissimilar substances. In the case of the mercuric ion, toxicity is thought to be due to combination with free sulfhydryl groups (Fildes, 1940) which are probably necessary for activity of some enzymes (Hellerman, 1939; Bernheim and Bernheim, 1939 (Bliss and Long, 1941; Kohn and Harris, 1941) , and carbon tetrachloride (Leach and Forbes, 1941) .
Sulfanilamide is easily adsorbed (Eyster, 1942) . Davis (1942) found that sulfa drugs are "bound" to plasma proteins. Both consider that therapeutic efficacy of the various sulfa drugs may be related to differences in adsorptive capacity.
For isolated enzyme systems not dependent upon the participation of p-aminobenzoic acid, the influence of sulfanilamide would depend on adsorption alone, the exact nature of which Johnson, Brown and Marsland (1942) have begun to reveal. On this basis the inhibition of respiration reported by Sevag and Shelburne (1942) and confirmed by Wyss, Strandskov, and Schmelkes (1942) may be harmonized with the later authors' additional findings that the inhibition of respiration could not be correlated with the bacteriostatic potency of sulfanilamide and its derivatives.
SUMMARY AND CONCLUSIONS
In the presence of p-aminobenzoic acid the growth-stimulating concentration of sulfanilamide is increased, a result compatible with the competition hypothesis.
The anti-sulfanilamide activity of p-aminobenzoic acid is not dependent on its stimulating growth. Under the experimental conditions p-aminobenzoic acid does not influence bacteriostasis caused by mercuric chloride.
Mixtures of various concentrations of sulfanilamide and mercuric chloride reveal a number of effects on growth: 1) Mixtures of both in stimulating concentration are toxic. 2) Sulfanilamide may antagonize mercuric chloride bacteriostasis and the latter, sulfanilamide bacteriostasis. Neither result is dependent upon the growth-stimulating capacity of small quantities of the antagonigt. 3) Addition of some non-inhibitory concentrations of mercuric chloride may enhance sulfanilamide toxicity. (4) Increased additive inhibition is observed in certain mixtures of toxic concentrations.
The view is supported that growth inhibition by sulfanilamide is chiefly the result of interference with p-aminobenzoic acid metabolism and secondarily "binding" of sulfanilamide by diverse enzyme systems.
